Abstract Mesenchymal stem cells (MSCs) can be obtained from a variety of human tissues. Placenta has become an attractive stem cell source for potential applications in regenerative medicine and tissue engineering. The aim of this study was to localize and characterize MSCs within human chorionic membranes (hCMSCs). For this purpose, immunofluorescence labeling with CD105 and CD90 were used to determine the distribution of MSCs in chorionic membranes tissue. A medium supplemented with a synthetic serum and various concentrations of neurotrophic factors and cytokines was used to induce hCMSCs to neural cells. The results showed that the CD90 positive cells were scattered in the chorionic membranes tissue, and the CD105 positive cells were mostly located around the small blood vessels. hCMSCs expressed typical mesenchymal markers (CD73, CD90, CD105, CD44 and CD166) but not hematopoietic markers (CD45, CD34) and HLA-DR. hCMSCs differentiated into adipocytes, osteocytes, chondrocytes, and neuronal cells, as revealed by morphological changes, cell staining, immunofluorescence analyses, and RT-PCR showing the tissue-specific gene presence for differentiated cell lineages after the treatment with induce medium. Human chorionic membranes may be the source of MSCs for treatment of nervous system injury.
Introduction
Stem cell transplantation is one of the most applicable treatment modalities proposed to improve the outcome of patients with neuronal diseases such as Alzheimer and Parkinson. For these neurodegenerative diseases are characterized by irreversible loss of specific groups of neurons, thus leading to tissue and organ dysfunction [1, 2] . In recent years, more and more research suggests that Mesenchymal stem cells (MSCs) are multipotent and are capable of trans differentiating across tissue lineage boundaries into mature cell types, suggesting that it is possible to substitute specific damaged neurons with MSCderived neuron-like cells and therapies for neurodegenerative diseases [3] [4] [5] .
MSCs are multipotent stromal cells with the strong capability of proliferation and differentiation potential, which have received extensive attention in the field of regenerative medicine for it can migrate to the injured tissue to promote tissue repair [6] . Although bone marrow has been considered the gold standard source for MSCs isolation and bone marrow mesenchymal stem cells (BMSCs) was commonly used adult stem cells, several limitations exist for their clinical application [7, 8] . Among these are the invasive manipulations associated with bone marrow harvesting, BMSCs content is very low, and BMSCs cannot tolerate the damage to the tissue in the hypoxia ischemia microenvironment [9] [10] [11] .
In addition, ethical issues need to be resolved in order to make stem cell therapies available to the public. For this reason, a cell type that easy to obtain in routine medical practices, maintain the characteristics of stem cells in vitro, and devoid of the ethical dilemmas surrounding is preferred for cellular therapies [12, 13] . Many recent studies have shown that fibroblast-like adherent cells isolated from various birth-associated tissues including placenta, amnion, umbilical cord and umbilical cord blood are phenotypically similar to BMSCs [14, 15] . The fetal adnexa may prove to be a useful source of human MSCs and a significant advantage of these neonatal tissues is their ready availability, thus avoiding invasive procedures and ethical issues.
Human placenta is composed of a fetal part and a maternal part; within these components different cell subpopulations with mesenchymal characteristics may be isolated. As established by the consensus of the First International Workshop on Placenta-Derived Stem Cells, they are referred to amniotic mesenchymal stem cells (hAMSCs) and chorionic mesenchymal stem cells (hCMSCs) [15, 16] . More than that, placenta mesenchymal stem cells (PMSCs) contain pluripotent cells that can differentiate along multiple cell lineages [17] . Placenta as a new source of mesenchymal stem cells, compared with bone marrow, has the advantages of abundant sources, low immunogenicity, low viral contamination rate, and no social and ethical issues.
Mesenchymal stem cells from bone marrow have been demonstrated to trans differentiate into cells of other lineages other than mesodermal lineages. In vitro studies have indicated that the ability of rodent and human MSCs to acquire a neural crest-like cell phenotype after induction with a specific culture medium [18] [19] [20] . In 1999, Kopen GC [21] first discovered that BMSCs can differentiation into neural cells and glial cells after transplantation into newborn rat brain; in 2000, Woodbury D [22] confirmed BMSCs to nerve cell differentiation in vitro for the first time. Now MSCs have been shown to have potential to generate phenotypically different types of neuron-like cells. Neural protein markers, mainly, vimentin, nestin, and glial fibrillary acidic protein (GFAP), were expressed in these neuronal induced cells [23] [24] [25] . All these suggest that MSC-derived neuron-like cells are a perfect source of neural precursor cells for clinical usage.
In view of the complexity of the placenta, CMSCs need to be properly characterized. In this study, we have isolated CMSCs from the placentas and characterized their capacity for self-renewal and potential for multipotent differentiation. Also we have induced CMSCs into neural-like cells using a simple and short method, thus making it easy for other neuron-regenerative medicine researchers to obtain neural-like cells from placenta. 
Localization of mesenchymal stem cells in the chorionic membrane
Immunofluorescence was performed on chorionic membranes to identify the distribution of cells that had positive markers of mesenchymal stem cells. Cryosections of human placenta were prepared and immunostained as described previously [26] . The human chorionic membranes trimmed to create a square sheet (5 mm 9 5 mm) near the center, and stored at -80°C until thick cryosections were prepared (thickness, 5 lm) (Leica Microsystems). Antibody permeability was increased by incubation with a detergent (0.1% Triton X-100, Sigma-Aldrich) in phosphate buffered saline (30 min). Nonspecific binding of immunoglobulins was blocked by incubation with a protein-blocking agent (20 min) (Millipore). Sections were incubated with primary antibodies against CD90 (1:500) (BD Biosciences) and CD105 (1:500) (BD Biosciences) (16 h, 4°C). Sections were incubated with secondary goat anti-rat immunoglobulin M (1:200) conjugated with fluorescein isothiocyanate (FITC) (eBioscience) and viewed on a laser-scanning microscope (Olympus IX-73) equipped with an image analysis system (Olympus DP-73).
Isolation and culture of human chorionic mesenchymal stem cells
Human chorionic mesenchymal stem cells were isolated and cultured with a modification of a previously described method [27, 28] . To isolate hCMSCs, the chorionic membranes were separated by blunt dissection from the placental body and thoroughly washed with Dulbecco's phosphate buffered saline (DPBS; Gibco BRL) and cut into small pieces. Then chorion fragments were digested with 0.1% Collagenase IV (Sigma-Aldrich) for 20 min at 37°C. The cell suspension was then passed through a cell strainer (70 lm, BD Falcon). The filtrate containing cell suspension was subjected to centrifugation at 400g for 5 min. The collected cells were re-suspended in RBC lysis buffer and centrifuged at 4009g for 5 min. Finally, the cell pellet was re-suspended in cell expansion medium composed by DMEM low glucose (Gibco BRL) supplemented with 20% FBS (Gibco BRL) and 1% penicillin/streptomycin (Gibco BRL). Cells were plated at 1 9 10 6 cells/cm 2 and the medium was changed every 48 hours.
Growth kinetic analysis
As a direct cell growth assay, 5 9 10 3 cells were seeded per well in 24-well plates, in triplicates. The media was changed twice weekly and the cells from each well were harvested and counted by hemocytometer for two consecutive weeks, and the mean of the counts was calculated.
Cell surface marker analysis
Flow cytometry analysis was performed on hCMSCs culture at third passage. Cells were treated with trypsin (Gibco BRL) and harvested cells were centrifuged at 1200 rpm for 10 min and washed with 1 9 DPBS with added 0.5% bovine serum albumin (Sigma-Aldrich). The cells were filtered through a 70 lm nylon membrane. Viable cell density was determined by hemacytometer and trypan blue dye (Gibco-Invitrogen). A minimum of 1 9 10 5 cells was incubated with either fluorescein isothiocyanate (FITC) or phycoerythrin (PE) conjugated mouse antihuman monoclonal antibodies for 30 min in the dark: CD34-FITC, CD44-PE, CD90-PE, CD73-FITC, human leukocyte antigen DR FITC (BD Bioscience), CD45-PE, CD105-FITC, CD166-PE, and CD29-FITC (Biolegend). Nonspecific background was evaluated by parallel staining with isotype-matched immunoglobulin G conjugates (IgG1-FITC and IgG1-PE) (BD Bioscience). All samples were analyzed using flow cytometer (FACSCalibur, BectonDickinson) and software (CellQuest, Becton-Dickinson).
Mesodermal differentiation assays
Cells were seeded in 6-well plate at a density of 1 9 10 5 cells/cm 2 and grown until 80% confluence. Osteogenic differentiation was induced in confluent cells with osteogenic medium (StemPro Ò Osteogenesis Differentiation Kit, Gibco BRL) for 3 weeks. Osteogenesis was demonstrated by accumulation of mineralized calcium phosphate assessed by Alizarin red staining.
Adipogenic differentiation was induced in confluent cells with adipogenic medium (StemPro Ò Adipogenesis Differentiation Kit, Gibco BRL) for 3 weeks. Oil Red O (Sigma-Aldrich) staining was used to visualize cytoplasmic inclusions of neutral lipids.
Chondrogenic differentiation was induced in confluent cells with chondrogenic medium (StemPro Ò Chondrogenesis Differentiation Kit, Gibco BRL,) for 3 weeks. Chondrogenic differentiation was evaluated with Alcian blue staining.
Neural differentiation of the hCMSCs
Human chorionic mesenchymal stem cells were differentiated with a modification of a previously described method [29] . CMSCs were cultured in 0.1% gelatin-coated (SigmaAldrich) tissue culture plates with a density of 5 9 10 4 cell/ ml at third passage. Neural differentiation was induced in confluent cells by changing the expansion medium to DMEM with Glutamax supplemented and 1% penicillin/streptomycin, 10% ES-FBS, 10 lM forskolin (Sigma-Aldrich), 5 mM KCl, 2 mM valproic acid (Sigma-Aldrich), 1 lM hydrocortisone (Sigma-Aldrich) and 5 lg/ml insulin (Sigma-Aldrich). Cells were analyzed for protein expression by immunofluorescence after 2 weeks in this differentiation media.
Immunofluorescence staining
Mature neuronal marker (NF-200) and glial marker (GFAP) were used to analyze the neural differentiation potential of hCMSCs [30, 31] . Following inducement and culture, cells were fixed with 4% paraformaldehyde. Fixed cells were treated with 3% hydrogen peroxide for 6 min and followed by incubation in 1% bovine serum albumin (Sigma-Aldrich) solution for 1 h at room temperature. Cells were stained with individual primary antibody NF-200(1:500, Abcam) and GFAP (1:1000, Abcam) overnight at 4°C and washed with Tris-buffered saline (Sigma-Aldrich). Then cells were incubated with secondary goat antirat immunoglobulin M (1:200) conjugated with fluorescein isothiocyanate (FITC) (eBioscience). Cells were mounted with medium for fluorescence (Vector)-containing DAPI (eBioscience) and viewed on a laser-scanning microscope (Olympus IX-73) equipped with an image analysis system (Olympus DP-73).
Total RNA isolation and reverse transcriptionpolymerase chain reaction (RT-PCR) analysis
Two weeks after mesodermal differentiated and neural differentiated, total RNA isolation was carried out from hCMSCs using miRN easy micro kit (Qiagen). cDNA was synthesized from the RNA using a High-Capacity cDNA Reverse Transcription Kit (Life Technologies) according to the 
Result

Immunofluorescence staining of MSCs in the chorionic membranes
To localize MSCs in chorionic membranes, immunofluorescence staining was carried out. The MSCs surface markers, mouse anti-human CD90 and CD105 antibody were used with a goat anti-mouse FITC-conjugated secondary antibody and a blue DAPI counter stain to show cell nuclei. Composite images showed immunoreactivity with CD90 and CD105 were localized to the vascular regions of the chorionic membranes (Fig. 1 ).
Isolation and culture the MSCs from chorionic membranes
In the early stages of MSCs culture, cells adhered to the surface of tissue culture plates as a small population of polygonal or spindle-shaped cells (Fig. 2A) . The hCMSCs primary culture reached a 90% confluence at 10-14 days. After passaged with trypsin, cells formed a monolayer of homogenous bipolar spindle like cells with a whirlpool-like array (Fig. 2B) . The hCMSCs showed high capacity of proliferation growth curves from second passages obtained by cell counting with the trypan blue exclusion method displayed an initial lag phase of 3 d, followed by a log phase at an exponential rate from 3 to 5 days and then a plateau phase (Fig. 3) . To characterize the isolated cells, flow cytometry was performed for cell-surface markers.
Results showed that MSCs were consistently positive for CD90, CD105, CD29, CD44, CD166 and CD73, but negative for hematopoietic surface markers CD34, CD45 and HLA-DR (Fig. 4) .
Multi-lineage differentiation studies
Human CMSCs were differentiated into an adipogenic cell type after approximately 21 days of incubation in adipogenic induction medium. The adipocytic phenotype in induced hCMSCs was signaled by the change in cell morphology from spindle-shaped through round to oval shaped cells, and by the appearance of numerous large, rounded intracytoplasmic lipid droplets. These lipid droplets were staining positive by Oil Red O. RT-PCR results showed that the cells expressed adipocyte-related genefatty acid-binding protein 4 (FABP4) after induction, whereas these genes were not expressed in the control group (Fig. 5) . Subsequently, hCMSCs differentiated into a chondrogenic cell lineage after 3 weeks of incubation in chondrogenic medium. The chondrogenic phenotype in induced hCMSCs was signaled by the changes in cell morphology, from spindles shaped to larger and rounded cell aggregates, and by the accumulation of sulfated proteoglycans that were present in cartilage. These proteoglycans in the matrix stained positive with Alcian blue staining. Also, the expression of chondrocyte-related gene Sox9 was detected by RT-PCR (Fig. 5) .
Upon exposure to osteogenic differentiation medium for three weeks, hCMSCs showed changes in cell morphology. They changed from fibroblast-like to cuboidal-shaped, as they differentiated and mineralized. Calcium phosphate mineralization, which stained positive by Alizarin red staining, indicated direct evidence of calcium deposits as an amorphous accumulation between cells. Osteogenic related gene runt-related transcription factor 2 (Runx2) was increased in the induced group analyzed (Fig. 5) .
Neural differentiation of the hCMSCs
MSCs derived from the human chorionic membranes had spindle shaped morphology, similar to the typical shapes of mesenchymal stem cells. When exposed to a neuronal differentiation cocktail medium within the first 48 h of neural induction, neuron-like morphological changes appeared in the hCMSCs. With progression of differentiation, the majority of the hCMSCs exhibited multipolar morphologies with numerous neuronal processes (Fig. 6) . Mature neuronal marker (NF-200) and glial marker (GFAP) were used to analyze the neural differentiation potential of hCMSCs. These cells stained positive for the neuronal markers (Fig. 7) . Two weeks after the initiation of differentiation, hCMSCs expressed GFAP and NF-200 mRNAs (Fig. 8) .
Discussion
In the present study, we localized MSCs in chorionic membranes, then isolated and cultured hCMSCs and characterized the phenotype, and differentiation potential.
In addition, the expression of some neuronal and glial markers was investigated in the differentiated hCMSCs. Our results agree with previous in vitro studies performed in human BMSCs, which are chemically induced into cells that display morphologic, and protein characteristics of neural progenitors [30] .
To search a cell model that meets the needs of the patient's treatment, the feasibility and safety of stem cell transplants have been tested, which further promotes the use in clinical practice, and the use of mesenchymal stem cells in particular has been extensively studied [32] [33] [34] [35] . One of the main challenges in any cellular therapy approach is the expansion of progenitor cells in order to achieve clinically relevant cell numbers for transplantation. Though bone marrow mesenchymal stem cells have a variety of advantages such as being widely available, can be expanded and induced to differentiate in vitro. But it has been estimated that MSCs represent only a minute fraction (0.01-0.001%) of the nucleated cell population in adult human bone marrow [36, 37] . Isolated from biologic waste, mesenchymal stem cells from full-term placenta are easily available and may present an attractive completion to other classically established stem cells in different clinical approaches [38, 39] .
MSCs primary location is presumed to be the perivascular area of small vessels in placenta throughout pregnancy and play a significant role in the structural and functional development of the placenta particularly during vasculogenesis, angiogenesis and the villus branching, from which they can be migrated into the circulation when needed [40, 41] .With immunofluorescence analysis, we identified cells positive for CD90 and CD105 dispersed in placenta. Our results also showed that the CD90 positive cells were scattered in the chorionic membranes tissue, and the CD105 positive cells were mostly located around the small blood vessels.
Defined human mesenchymal stem cells according to International Society for Cellular Therapy, which should be adhere to plastic; express CD73, CD90, and CD105; lack express CD45, CD34, and human leukocyte antigen DR; and can differentiate to adipocytes, chondroblasts and osteoblasts in vitro [42] . Here the results showed that phenotypes of culture cells were positive for CD90, CD29, CD166, CD44, CD105, and CD73 and negative for CD34, CD45, and human leukocyte antigen DR. We also showed that human CMSCs differentiate into bone, adipose cells, and cartilage.
Currently, the research of mesenchymal stem cells differentiation to neurons is still in its early stages. Neuronal differentiation can be achieved in three ways: use of neurotrophic factors or cytokines, exposure to chemical inducers, and gene transfection or modification of the induced differentiation. Neuronal specific protein expression and MSCs morphological changed after the induction with chemical inducer, while morphology and function cannot maintain for a long time, it is may be cytotoxic rather than cellular differentiation process. Gene transfection or modification of the induced differentiation method also has some problems, such as poor stability, low expression rate, cell damage and host cell gene may change and so on [43, 44] . Here we used neurotrophic factors and cytokines to induce the hCMSCs and our experiments have demonstrated that induced cells expressed GFAP and NF-200. GFAP is used as an astrocytic marker and can also be expressed in immature neural progenitor cells. NF-200 is used in dendritic cells, granulocytes, and microglia. They are used to identify progenitor or mature neuronal cells.
In summary, the chorionic membranes are more safe and reliable mesenchymal stem cell source. It's feasibility to isolate and culture MSCs from chorionic membranes and differentiate into neuron like cells, provide experimental basis for CMSCs transplantation for treatment of nervous system injury.
